The aim of this study is to explore the asymmetric effect of the unanticipated monetary policy shocks on inflation and real production. This is done by utilizing the non-linear autoregressive distributed lag (ARDL) model. Nonlinear ARDL allows us to check for the asymmetric effect of the policy in terms of the size of the shocks: large or small, and the stance of the shocks: loose or tight. Additionally, Wald test is employed to confirm the underlying relationship. The results provided a sufficient evidence for the idea of the asymmetric effect of monetary policy in Egypt. Firstly, regarding the size of the policy, only small shocks have a considerable effect on both inflation and real production. Secondly, regarding the direction of the policy, only positive shocks have a considerable influence on both variables. Wald test confirmed the abovementioned results. Therefore, based on these results, the monetary policy in Egypt is only effective under some circumstances and thus other economic policies such as fiscal policy might be more effective in these cases.
Introduction
It is well accepted in the economic literature that monetary policy can affect inflation and real production during the short run. However, there is an ongoing debate with respect to the asymmetric impact of monetary decisions. The second issue is a critical point for policymakers because decisions which assuming symmetric effects of the policy might not give the targeted results.
There are many theoretical justifications for the asymmetric effect of monetary policy. Firstly, attitudes of borrowers and lenders under different monetary conditions are not the same. When the central bank raises its policy rate and then consequently market rates should be raised by the banks. However, banks can raise interest rates only for specific level as expanding the interest rate could increase the likelihood of risk default of borrowers. On the other side, when the monetary authority declines its interest rate, there is no guarantee that private borrowing and spending will increase. The latter could be dampening by the economic conditions. Secondly, in the context of the standard New-Keynesian theoretical structure which assumes a supply curve is flexible and convex, the monetary actions are neutral in the case of negative shocks and are non-neutral in the case of positive shocks (see : Cover, 1992) . Credit restrict models imply that tight monetary policy causes banks to become more cautious about giving money and thus they will try raising interest rates. Thus, a tight policy characterized by strong credit demand might be more appropriate on many occasions (Morgan 1993) . Another evidence comes from the menu cost models, where higher levels of inflation encourage firms to adjust their prices of final products where lower levels do not give firms enough incentive to change the prices of their products.
Empirically, since the great depression in 1929, there are suspensions about tight monetary policy has a more significant effect than expansionary policy as the Fed could not succeed in alleviating the recession effect of the crash (Friedman and Schwartz,1963) . Recently, whereas the US contractionary monetary policy successfully achieved its target: declining inflation during the period from 1888 to 1889, the US expansionary policy could not achieve its target: stimulating GDP growth in the 1990s. Similarly, although the Japanese central bank achieved its goals with contraction policy, it could not stimulate real production by adopting an expansionary policy in 1990. Lastly, during the recent great recession in 2008, Fed moved to using unconventional monetary policy after cutting its policy rate to around zero percent.
Usually, it is being assumed that the central bank loss function is quadratic in real production and inflation and then it minimizes this function with the assumption of the linear environment of the economy. However, the central bank seems to treat positive and negative deviations differently. Also, some empirical studies examined the asymmetric effect of monetary actions regarding the size of shocks. Ravn and Sola (1996) support that only small shocks have a significant effect. In addition, Aye and Gupta (2012) explore the asymmetric effect of central bank actions in terms of the state of the economy.
Implications of the asymmetric impact of policy actions might be crucial regarding conducting this policy and estimated costs of the monetary shocks on supply and demand. Also, augmenting of the asymmetric components inside the monetary authority's reaction equation could induce better understanding of the behavior of this policy. This could give better predictions and help in improving the modeling process of monetary decisions. Central banks might adopt asymmetric preferences; we can find some banks face real production fluctuations with accepting high inflation volatilities. The aversion for those banks might be greater towards recession than expansion. Adversely, other monetary authorities might care more about inflation stabilization (recently, the number of this category increased after the decision of many central banks on behalf of adoption inflation targeting regime). Cukierman and Muscatelii (2008) divide central banks into Inflation Avoidance Preferences (IAP) and Recession Avoidance Preferences (RAP). The first group banks consider more positive inflation gaps, while the second group banks care more about negative output gaps. This asymmetric preference produces nonlinear reaction functions. Cukierman and Muscatelii (2008) give evidence that LAP leads to convex Taylor rule while RAP leads to concave Taylor rule. Similarly, the supply curve could suffer from nonlinearity. Many empirical works conclude that in the case of the negative output gap, the impact of monetary policy on inflation is limited, whereas in the case of positive output gap its impact is positive and significant (Laxton et al. 1999 and Pyhtia 1999) . Furthermore, the likely uncertainty associated with productivity growth rate could cause the policy to be nonlinear (Dolado et al. 2004 ). Some of today works, which mainly focus on developed countries, explore asymmetric effects on the selected macro variables. The last issue is critical for policymakers; the existence of asymmetric impact in the effect of policy shocks might reflect that monetary actions are not valid and other policies such as fiscal policy might be more suitable. However, the most substantial portion around this important point is for developed countries. In the case of Egypt, there are no such studies and it is still unexplored empirical area. Subsequently, this research tries to capture the asymmetry in the decisions of the central bank of Egypt by utilizing nonlinear ARDL model initiated by Shin et al. (2014) . Nonlinear ARDL can help in decomposing policy shocks into increasing and decreasing shocks regarding directions and into small and big shocks regarding the size. The contributions of this paper are many. Firstly, to our knowledge, there are no previous studies explored this important issue for Egypt and then this paper will be up to date unique. Secondly, it depicts the unanticipated monetary policy shocks from the most common form of Taylor rule. Thirdly, it utilizes both linear and nonlinear forms. Fourthly, we explore for the asymmetry over both the short run and the long run.
Results can be summarized as follows. Firstly, in regard to the asymmetric of policy direction, we conclude only significant effect on real production and inflation for positive shocks; the negative shocks do not have any significant impact. Secondly, in regard to the asymmetric of policy size, we conclude only significant effect for small shocks; the big shocks do not have any significant impact.
The study is divided into five sections. After the introduction, we present the previous literature in the section number two. The third section covers the adopted model and the methodology. The fourth section reports data and empirical results. Lastly, in the fifth section, we conclude and give some policy recommendations.
Literature Review
The answer to the question in what extent the effect of monetary policy is asymmetric has attracted many empirical kinds of literature. Whereas the theoretical effect of monetary policy is based on some assumptions such as nominal rigidities and asymmetric available information, expansionary and contractionary monetary policy gives different consequences when nominal prices or nominal wages are rigid in the direction of downward but they are flexible in the direction of upward. Further, the models which adopt the cost of menu imply that firms hold prices fixed after small changes in production cost in order to avoid paying the burden of menu changes. Thus, small monetary policy shocks are non-neutral, but big monetary policy shocks are neutral. Moreover, the classical theories consider the case of monetary neutralization as the fundamental case. Indeed, monetary policy can affect the nominal aggregates such as inflation but it cannot affect the real side. Similarly, various studies indicate that the effect of the monetary policy on the real production is asymmetric (Cover, 1992) .
Empirical studies explored the asymmetry in monetary shocks can be classified into two different sides; the stance of shocks (positive or negative) and the size of the shocks (small or big change). Barro (1978) explains the effect of unanticipated and anticipated innovations on the production inside rational expectation environment. He states only unanticipated shocks can effect on production. Cover (1992) , Karras and Stokes (1996) and claim that only negative unanticipated monetary policy shocks have a considerable effect on GDP. Rhee and Rich (1995) argue there is no evidence about the asymmetry of Fed during the post-world war II period. Karras et al. (1996) employ the maximum likelihood estimation method on data of eighteen European countries during the period 1953 to 1999. They find that the effect of negative shocks is more significant than positive. Ravn and Sola (1997) conclude that small shocks have a significant effect on macro variables where the big ones do not affect (in the case of using money supply as a monetary policy tool). When they used the interest rate as an instrument, they support the idea of asymmetric effect in terms of the stance and the size of the policy. Paul (1998) examines the asymmetric effect of the unexpected interest rate shocks for the UK. He supports the asymmetry in terms of the policy direction. Volker Clausen & Bernd Hayo (2003) build a semi-structural framework to analyze the asymmetric effect of monetary policy transmission mechanism for some European countries. The developed dynamic system includes simultaneously three equations to represent monetary policy reaction function, output gap and inflation. The study finds asymmetries in the effects of output gap on inflation and also on the effect of real interest rate.
Other empirical works consider the likely nonlinearity in the asymmetry of central banks' actions. Weise (1999) utilizes a logistic smooth transition vector autoregressive structure in order to explore the asymmetric effect of monetary policy actions. Philip M. Bodman (2006) uses a simple threshold model to examine both the anticipated and the unanticipated effect of monetary policy for Australia. The paper finds an asymmetric effect for both positive and negative unanticipated shocks; only positive unanticipated shocks significantly raise GDP. Regis & Christian (2014) measure the non-linear effects of monetary policy based on non-linear impulse response functions. They conclude that the effects of monetary policy depend on some factors such as the sign and the level of the policy shocks. However, this works only if the size of the change is enormous. Volkan and Hakan (2015) use the innovative nonlinear VAR that was built by Kilian and Vigfusson (2011) for exploring the likely asymmetry in the effect of central bank decisions on Turkish output, prices, and the value of the domestic currency. They conclude that positive monetary policy shocks negatively affect output, inflation and exchange rate. However, the effect of positive socks is stronger than that negative. Moreover, the big shocks have a more significant effect than negative ones. Cheng Jiang (2018) concludes that the effect of monetary policy on the stock market is asymmetric over different levels of the stock market index.
Some studies consider factors that might affect the asymmetric effect of monetary policy shocks. Mustafa Caglayan et al. (2017) examine the impact of the developments of the financial markets in the asymmetry of the Fed shocks. They support that financial deepening contributes to increasing the effectiveness of monetary policy during a recession. Sensier et al. (2002) find the decisions of central banks are more effective during times of recession. Dolado and Mar´ıa-Dolores (2006) capture the different effects of policy shocks over varied states of the economy. Vlieghe, G. (2017) examines the risk associated the asymmetric impact of zero monetary policy rates. Moreover, Midrigan and Xu (2014) and Maurice Obstfeld (2018) state that the asymmetric effect of monetary policy might lead to diffusion in the level of a marginal product of capital across different firms.
Regarding emerging and developing countries, few works explored the asymmetric effect of monetary policy and the results also are heterogeneous. Pierre-Richard (2001) explores the asymmetry in central bank shocks on inflation, GDP and the real value of the domestic currency by using Vector Autoregressive (VAR) models in a group of four developing countries; Turkey, Malaysia, Korea, and the Philippines. The impulse response results show that monetary policy innovations have asymmetric effects which vary across countries and instruments. Vid (2002) Felix S. Nyumuah (2018) confirms the idea of the asymmetric preferences for central bank regarding the real production for some developing countries.
Model and Methodology
This paper employs an approach which is analogous to that used by (Cover, 1992; Morgan, 1993; Shen, 2000) . The utilized approach includes two main steps: In the first step, the common Taylor rule is estimated in order to generate both anticipated and unanticipated shocks. In the second step, the impact of unanticipated shocks on target variables (inflation and real production) is modeled by using NARDL for Shin et al. (2014) .
Interest Rate Equation and the Linear Form
The identification of the reaction function of the interest rate by utilizing ARDL model proposed by Pesaran et al. (2011) is given as follows: (1) Where is the interest rate at time t , is the growth in real production, is annual inflation rate, is the real exchange rate.
Then, the unanticipated monetary policy shocks can be expressed as:
Where, are the coefficients of long run relationship and while are the coefficients of short run variables included in equation number (2).
With the aim of testing the effect of shocks on inflation and GDP, we can model the relationship in the form of ARDL as following:
Where expresses monetary policy goals; and .
Testing for Asymmetry of Unanticipated Monetary Policy Shocks
In general, two prime kinds of asymmetry in the effect of policy shocks on monetary policy targets can be explored. The first asymmetric effect is related to the direction or the sign of the shocks; if the negative shocks affect differently than the positive policy shocks (asymmetry type 1). Additionally, the second asymmetric response is concerned with the effects of the size monetary policy that if the big shocks of monetary actions affect differently compared to the small ones (asymmetry type 2). We utilize NARDL model for shin (2014) which allows us to differentiate between different stances of unanticipated monetary policy (positive or negative) or different sizes (big or small).
A. Exploring the Type 1 asymmetry
Our aim is exploring the asymmetry in the effect of interest rate shocks in Egypt in terms of the shocks direction. Therefore, monetary policy targets will be modeled on different stances (positive or negative) unanticipated monetary policy shocks. This relationship can be written based on the NARDL in the following form:
Where expresses monetary policy goals; GDP and inflation, + is positive unanticipated monetary policy shocks and − is negative shocks. Where:
In order to check for the cointegration, we follow Greenwood-Nimmo and Shin(2013) who depend on the cointegration bound test (F pss ) of Pesaran et al. (2011) . Particularly, the cointegration effect can be tested by testing the null hypothesis 0 : 1 = 2 = 3 = 0. Then, long run expansionary and tight effect of unanticipated shocks also can be explored by 2 / 1 and 3 / 1 respectively. Furthermore, the likelihood of asymmetric impact of + and − might be checked for the short run and the long run by using the common Wald test.
B. Exploring the type 2 asymmetry
The target is to explore the asymmetric effect of policy shocks in Egypt in regarding the unanticipated shocks size. Therefore, objective variables will function in different sizes (big or small) of unanticipated monetary policy shocks. This relationship can be written based on the NARDL as following:
Where expresses monetary policy goals; GDP or inflation, is big unanticipated monetary policy shocks and is small unanticipated monetary policy shocks. Where:
The cointegration effect can be tested by testing the null hypothesis : 1 = 2 = 3 = 0. Then, long run effect components of the unanticipated shocks also can be explored by 2 / 1 and 3 / 1 respectively. Furthermore, asymmetry of impact and might be checked by using Wald test.
Data, Empirical Results, and Discussions

Data
We utilize monthly series from January 2002 to August 2016. Selected sample is set depending on the availability of the Egyptian monthly data. Variables include inflation, real exchange rate, interest rate and industrial production index. The utilized data is captured from IMF's database and Ministry of economic development in Egypt. We take the natural logarithmic form for all included variables excepting for the policy series. Inflation is measured by taking the annual change of the level of Consumer Price Index (CPI). Figure ( 1) outlines the development of both inflation and interest rate in Egypt during the aforementioned period. We can observe that inflation is highly volatile over the period. However, during the period from January 2007 to the end of 2009 and also during the period from 2012 to 2016 the volatility of inflation is higher than other periods. 
Results and Discussions
Figure 2 depicts policy shocks over the sample period which captured by the rest of the Taylor rule. This figure shows the nonlinear behavior of these shocks over many points during the period under analysis. Table 2 shows the estimations for Taylor rule. Taylor rule estimated by using ARDL model as the dependent variable is nominal interest rate where dependent variables included inflation, exchange rate, and real production. We can observe that interest rate is considerably reacted to the lag of policy rate, inflation, and exchange rate. In addition, diagnostics tests confirm that there is no economic problem in the estimations. Table 3 presents the impact of unanticipated policy shocks on the two objective variables based on the traditional ARDL model. Firstly, the bound test indicates that the F-value statistic = 4.289 with probability 0.000 which means there is a significant cointegration relationship. Also, the cointegration term is significant with a negative value less than one. These results reflect the relationship has stable equilibrium over the long run. The diagnostic tests confirm that there is no any econometric problem for this relationship. Results of the linear case show that the effects of monetary policy for the two targeted variables are only significant for a short run. However, these results are not reliable due to the argument that both the increasing and the decreasing monetary policy shocks would not have a similar effect on the real production and inflation. Therefore, we implemented the nonlinear analysis. Table 4 depicts the results of the asymmetric effect of type 1 for both real production and inflation. We can observe that the cointegration terms are negative and significant in the two equations and the bound test indicates significantly also for the two equations which mean there is substantial cointegration relationship. Diagnostics test show that there are no econometric problems within the model. Results show that: firstly, regarding real production equation, it can be observed that over the long run, changes in real production is significantly affected by its first lag and the first lag of unanticipated policy shocks. Where the probability of the first lag of negative shock is (0.1197) which means it has an insignificant effect. From another side, over the short run, changes in real production are significantly affected by changes in the first and the third lag of the positive unanticipated shocks. However, the probabilities for the changes in negative shocks are around (0.43) which implies that its effect is insignificant. Secondly, regarding inflation equation, over the long run, inflation is significantly affected by its first lag and the changes of first lag of positive policy shocks. For the short run, inflation is significantly affected by changes in its lag and in a lag of positive shocks as well. Moreover, for the two equations in the table 4, the assumption of systematic effect based on the systematic test is refused for inflation and real production over the short run and the long run. As the calculated F statistic is larger than the critical values in all case as depicted by the table 4. Table 5 shows results for the type 2 asymmetric for both real production and inflation. It is depicted that the cointegration terms in the two equations are negative and significant which implies a stable equilibrium relationship over the long run. Diagnostics tests confirm that there are no econometric problems in the estimations. Estimates reveal that: Firstly, regarding real production equation, over the long run relationship real production is significantly affected by its first lag and the first lag of small policy shocks. Contrary, regarding the short-run effect, real production is considerably determined by changes in its lag and changes in a lag of small changes. On the other hand, for inflation equation, over the long run inflation is determined by its lag and small changes. In addition, for the short run, inflation is significantly affected by changes in its lag and changes in small policy shocks. Furthermore, for the two equations in the table 5, the assumption of systematic effect based on the systematic test is rejected for the two objective variables over the short run and the long run. As the calculated F statistic is larger than the critical levels in all cases as presented in table 5. Vol. 5, No. 4; *** reflects the coefficient is significant with probabilities 1%,5%, 10%; ** the coefficient is significant with probabilities 5%, 10%; * the coefficient is significant with probability 10%. Ramsey reset 0.849501 (0.3581) *** reflects the coefficient is significant with probabilities 1%,5%, 10%; ** the coefficient is significant with probabilities 5%, 10%; * the coefficient is significant with probability 10%. Ramsey reset 0.704270 (0.4026) *** reflects the coefficient is significant with probabilities 1%,5%, 10%; ** the coefficient is significant with probabilities 5%, 10%; * the coefficient is significant with probability 10%.
Conclusion and Policy Recommendations
In general, it is be assumed that the central bank loss function is quadratic in inflation and real production and then this function is minimized with the assumption of the linear environment of the economy. However, the central bank seems to treat positive and negative deviations differently. Implications of the asymmetric effect of monetary policy might be significant for conducting this critical policy. Augmenting the asymmetric items of monetary policy inside the central bank's reaction function might enrich information for policymakers and also might bring answers for many questions about the effectiveness and the behavior of this policy. Further, this could improve the modeling process and increase the accuracy of predictions.
This study tried to answer the question whether the response of inflation and real production for the unanticipated shock of monetary policy is asymmetric or symmetric in Egypt. The shocks analyzed using residual component of the Taylor rule. Then, we explored the asymmetric effect of unexplored monetary policy shocks regarding the direction and the size of the shocks. Results showed that firstly, residuals of monetary policy rule depicted some non-linearity. Thus there is a need to explore the asymmetric in the effect of those shocks on the objectives of the monetary policy. Secondly, regarding the direction of shocks, it is concluded that the response of the two objective variables is significantly determined by only positive shocks where these responses did not receive a reliable effect by negative unanticipated policy shocks. Thirdly, regarding the value of unanticipated shocks, our results show that the small unexpected monetary policy shocks have significant effect where the big unexpected monetary policy shocks do not.
Our primary policy recommendation is that policymakers should take into consideration asymmetry of monetary policy when design policies. Small and positive monetary shocks are more useful for affecting the policy targets. Future research might focus on exploring the asymmetric effect of other policies like fiscal policy. 
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